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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates, for example to the electric discharge surface 
treatment method using the discharge surface treatment equipment and this which form a 
surface treatment layer in metal, ceramics, etc. by discharge surface treatment. 
[0002] 

[Description of the Prior Art] Drawing 8 is an explanatory view for explaining the surface 
treatment device by the discharge among liquid indicated to JP, 7-70761, A, by discharge 
among liquid, coats the processed material surface of metallic materials, such as aluminum or 
an aluminum alloy, and gives corrosion resistance and abrasion resistance. He is the surface 
treatment layer by whom 6 used processed material, 8 used oils, such as kerosene, with 
working liquid in drawing 8, 14 was formed in the green compact electrode and 15 was formed 
in the processed material 6. For example, when forming the tunic of a Ti system in the surface 
of the processed material 6, in eight in working liquid which generates carbon by discharge, 
such as kerosene, discharge is first generated by the green compact electrode 14 of a TiH 2 

(titanium hydride) system. The electrode 14 is exhausted by this discharge and Ti which is that 
ingredient is emitted very much in between. This Ti reacts to carbon which is an ingredient of 
the working liquid the pyrolysis was carried out by discharge of, it is set to TiC, and the surface 
treatment layer 15 can be formed in the surface of the processed material 6. 
[0003] 

[Problem(s) to be Solved by the lnvention]However, since the hardness difference of an 
aluminum containing alloy and a TiC tunic was too large when the green compact electrode of 
TiH 2 (titanium hydride), for example, performs the surface treatment to an aluminum containing 

alloy as mentioned above, the technical problem that a tunic will exfoliate immediately 
occurred. When the material component of a green compact electrode or particle diameter, 
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electrode length, and an electrode area differ from the moulding pressure at the time of 
electrode manufacture, etc., or when an electrode has the inclination characteristic, Since 
electrical conductivity and thermal conductivity changed with portions of a green compact 
electrode and electrode wear situations differed when the spark discharge energy under 
surface treatment was constant, the shape of planarity got worse and the technical problem 
that the surface treatment layer inferior to adhesion or abrasion resistance was formed 
occurred. That is, in the surface treatment method using conventional discharge surface 
treatment equipment, the surface treatment layer who fulfills requirement specification was not 
able to be formed in processed material. 

[0004]This invention was made in order to solve this technical problem, and an object of this 
invention is to acquire the electric discharge surface treatment method using the discharge 
surface treatment equipment and this which can form the surface treatment layer who fulfills 
requirement specification to processed material. 
[0005] 

[Means for Solving the Problem]An electrodischarge treatment means to form a surface 
treatment layer in the surface of the above-mentioned processed material by the 1st discharge 
surface treatment equipment concerning this invention impressing voltage between a green 
compact electrode and processed material which consist of material which becomes origin of 
surface treatment materials or surface treatment materials, and generating discharge, A 
requirement specification storage parts store which memorizes the above-mentioned surface 
treatment layer's requirement specification, a characteristic storage section of an electrode 
which memorizes the characteristic relevant to electrodischarge treatment of the above- 
mentioned green compact electrode, And it has an electrodischarge treatment conditional- 
control part which controls electrodischarge treatment conditions of the above-mentioned 
electrodischarge treatment means from an output from a characteristic storage section of this 
electrode, and requirement specification of the above-mentioned requirement specification 
storage parts store. 

[0006]ln the 1st discharge surface treatment equipment of the above, electrodischarge 
treatment conditions of the 2nd discharge surface treatment equipment concerning this 
invention are the things of polarity [ of a discharge pulse ], peak current, open voltage, and 
pulse ON time, pulse OFF time, or servo voltage. 

[0007]The characteristic of an electrode on the 1st discharge surface treatment equipment of 
the above and relevant to electrodischarge treatment in the 3rd discharge surface treatment 
equipment concerning this invention is a thing of an electrode material ingredient or particle 
diameter, electrode length, an electrode area, electrode molding pressure, or the inclination 
above-mentioned characteristic. 

[0008]ln the 3rd discharge surface treatment equipment of the above, the inclination 
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characteristic of the 4th discharge surface treatment equipment concerning this invention is a 
thing of an electrode material ingredient or particle diameter. 

[0009]ln an electric discharge surface treatment method which forms a surface treatment layer 
in the surface of the above-mentioned processed material when the 1st electric discharge 
surface treatment method concerning this invention impresses and carries out 
electrodischarge treatment of the voltage between a green compact electrode and processed 
material which consist of material which becomes origin of surface treatment materials or 
surface treatment materials, It is the method of controlling the above-mentioned 
electrodischarge treatment conditions by the above-mentioned surface treatment layer's 
requirement specification, and the characteristic relevant to electrodischarge treatment of the 
above-mentioned green compact electrode. 

[0010]The 2nd electric discharge surface treatment method concerning this invention is the 
method of controlling electrodischarge treatment conditions by an electrodischarge treatment 
state or a surface treatment layer's description in the 1st electric discharge surface treatment 
method of the above. 

[001 1]ln the 1st or 2nd electric discharge surface treatment method of the above, 
electrodischarge treatment conditions of the 3rd electric discharge surface treatment method 
concerning this invention are the methods of polarity [ of a discharge pulse ], peak current, 
open voltage, and pulse ON time, pulse OFF time, or servo voltage. 

[0012]The characteristic of an electrode on the 1st or 2nd electric discharge surface treatment 
method of the above and relevant to electrodischarge treatment in the 4th electric discharge 
surface treatment method concerning this invention is the method of an electrode material 
ingredient or particle diameter, electrode length, an electrode area, electrode molding 
pressure, or the inclination above-mentioned characteristic. 

[001 3]ln the 4th electric discharge surface treatment method of the above, the inclination 
characteristic of the 5th electric discharge surface treatment method concerning this invention 
is the method of an electrode material ingredient or particle diameter. 
[0014] 

[Embodiment of the lnvention]Embodiment 1 . drawing 1 is an explanatory view showing the 
composition of the discharge surface treatment equipment of a 1 st embodiment of this 
invention, and drawing 2 is a flow chart which shows the processing process of the discharge 
surface treatment which used this discharge surface treatment equipment. An electrodischarge 
treatment means to form a surface treatment layer in the surface of the above-mentioned 
processed material by 1 impressing voltage in a figure between the green compact electrode 
and processed material which consist of material which becomes the origin of surface 
treatment materials or surface treatment materials, and generating discharge, The 
characteristic storage section of an electrode which memorizes the characteristic of the 
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electrode relevant to discharge of a green compact electrode in 2, The requirement 
specification storage parts store which memorizes the requirement specification of the surface 
treating material by which 3 is formed in processed material, and 4 are electrodischarge 
treatment conditional-control parts which control the electrodischarge treatment conditions of 
the above-mentioned electrodischarge treatment means 1 from the output from the 
characteristic storage section 2 of an electrode, and the requirement specification of the 
above-mentioned requirement specification storage parts store. 

[001 5]First, hardness of the surface treatment layer who forms in processed material at Step 1 , 
abrasion resistance, Requirement specification, such as adhesion, thickness, or field surface 
roughness, is memorized to the requirement specification storage parts store 3, and the 
characteristic relevant to discharge of the green compact electrode, for example, an electrode 
material ingredient, particle diameter, electrode length, an electrode area, the moulding 
pressure at the time of electrode manufacture, or the inclination above-mentioned 
characteristic of an electrode is memorized at Step 2. Next, at Step 3 from the characteristic 
storage section 2 and the requirement specification storage parts store 3 of an electrode. 
Polarity [ of a discharge pulse suitable for electrodischarge treatment ], peak current, open 
voltage, and pulse ON time, Electrodischarge treatment conditions, such as pulse OFF time or 
servo voltage, are set up by the electrodischarge treatment conditional-control part 4, the 
electrodischarge treatment means 1 performs electrodischarge treatment at Step 4 based on 
it, and electrodischarge treatment is ended when a surface treatment layer reaches 
requirement specification at Step 5. Step 1 and Step 2 may get mixed up. 
[0016]The case where a hardness change forms a smooth surface treatment layer (a surface 
treatment layer's requirement specification) in processed material is explained using the 
discharge surface treatment equipment shown in the embodiment 2. embodiment 1. Drawing 3 
is an explanatory view explaining the electrodischarge treatment of the processed material by 
the discharge surface treatment equipment in the above-mentioned Embodiment 1. As for 
processed material and 8, in a figure, a green compact electrode and 7 are surface treatment 
layers oils, such as kerosene, and 5 in working liquid 6. As the green compact electrode 5, 
what changed the powder quantity of TiH 2 and the powder quantity of nickel gradually, and 

gave lopsidedness to the presentation (the feature of an electrode) was used. That is, the 
processed material 6 side is gradually changed so that it may increase more than the quantity 
of the TiH 2 granular material containing Ti which is comparatively hard metal about the 

quantity of the Ni-powder object which is comparatively soft metal. Next, as electrodischarge 
treatment conditions for forming the above-mentioned surface treatment layer in processed 
material using the above-mentioned electrode, It was able to set up, when discharge was 
generated with fixed spark discharge energy between an electrode and processed material, 
and electrodischarge treatment was able to be carried out in eight in working liquid which 
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generates carbon by discharge, such as kerosene, and the surface treatment layer 7 who has 
lopsidedness for an ingredient as shown in a figure was able to be obtained. Namely, since the 
quantity of TiC produced by the contacting parts of the processed material 6 and the surface 
treatment layer 7 having many amounts of nickel, and the amount of nickel decreasing toward 
the surface treatment layer's 7 upper face part, and making it be the same as usual along with 
it increases, The hardness change became smooth and the exfoliation was able to be 
controlled simultaneously with formation of a high hardness surface treatment layer tunic 
rather than formed by a TiC independent. 

[0017]The green compact electrode 5 used by this embodiment gave lopsidedness using what 
was continuously changed using the granular material with a particle diameter of about 10 
micrometers by Ni-powder body weight:TiH 2 powder quantity =7:3 - 0:10 (volume %). The 

above-mentioned electrode was manufactured by carrying out pressing, after making the 
granular material in which the mixing ratio differs laminate in an electrode type. 
[0018]The same effect as the above can be acquired by forming the work 6 side of the green 
compact electrode 5 like drawing 4 with the granular material of nickel which is comparatively 
soft metal, and forming with the granular material of TiH 2 containing Ti which is comparatively 

hard metal about others. Drawing 4 is an explanatory view of a green compact electrode which 
can be used by a 2nd embodiment of this invention, and the portion in which 9 was formed in 
by the green compact electrode, and 10 was formed with the granular material of nickel, and 
1 1 are the portions formed with the granular material of TiH 2 in a figure. 

[0019]Although the lopsidedness of this green compact electrode was given to the electrode 
material ingredient, it is possible to give the lopsidedness of a green compact electrode to both 
particle diameter (for example, 2-20 micrometers), or an electrode material and particle 
diameter. The same effect can be acquired even if it uses what mixed metal, ceramics, etc. of 
others [ these ] further even if it used V (vanadium), Nb (niobium), Ta (tantalum), Cr 
(chromium), Mo (molybdenum), or W (tungsten) besides Ti. 

[0020]The case where the surface treatment layer (a surface treatment layer's requirement 
specification) who was excellent in processed material in the shape of planarity is formed using 
the discharge surface treatment equipment shown in the embodiment 3. embodiment 1 is 
explained. Drawing 5 is an explanatory view for explaining operation of the electrodischarge 
treatment conditional-control part in the discharge surface treatment equipment of the 
embodiment of the invention 1, The characteristic figure { drawing 5 (a)} showing the planar 
relation by the electrodischarge treatment energy (electrodischarge treatment conditions) at 
the time of using the green compact electrode (the feature of an electrode) which consists of 
different particle diameter, and the characteristic figure {drawing 5 (b)} showing the relation 
between electrodischarge treatment energy and a surface treatment layer's thickness are 
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shown. In a figure, electrodischarge treatment energy is a product of peak current and pulse 
ON time. What is necessary is just to determine the optimal electrodischarge treatment energy 
from a point of thickness, as shown in ** and drawing 5 (b) if electrodischarge treatment 
energy is chosen from a planar point from E1-E2 as shown in drawing 5 (a) when particle 
diameter is 5 micrometers (O in a figure). On the other hand, with the electrodischarge 
treatment energy used when particle diameter was 5 micrometers, when particle diameter is 1 
micrometer (** in a figure), since the shape of planarity of that to which thickness becomes 
thick gets worse, the electrodischarge treatment energy can form a good tunic by choosing out 
of E0-E1. 

[0021]Embodiment 4. drawin g 8 is an explanatory view showing the composition of the 
discharge surface treatment equipment of a 4th embodiment of this invention, and drawing 7 is 
a flow chart which shows the processing process of the discharge surface treatment which 
used this discharge surface treatment equipment. In a figure, 1-4 are the same as that of 
drawing 1 , and they are an electrodischarge treatment state detection part from which 
discharge is normally performed by the electrodischarge treatment means 1, or (for example, 
has the short circuit arisen?) 12 detects whether it is no, and a description primary detecting 
element of the surface treatment layer who detects whether the description of 13 of a surface 
treatment layer is normal. That is, although it assumes that the electrodischarge treatment 
conditions set up first do not have influence of disturbance, the state where it cannot respond 
on the above-mentioned conditions according to the ejection state of processing waste, etc. in 
practice occurs. It is detected whether in the short condition, discharge has generated this 
continuously. If the electrodischarge treatment conditions set up first, for example are 
unsuitable or electrodischarge treatment conditions become unsuitable with advance of 
discharge, since surface roughness will worsen, the thickness of a tunic will become uneven 
and a surface treatment layer's description will worsen, an electrodischarge treatment state is 
detectable from the description of a surface layer. 

[0022]First, in drawing 7 , the electrodischarge treatment means 1 performs electrodischarge 
treatment like [ Step 4 ] drawing 2 . If processing time becomes long, the feature of a green 
compact electrode will change during electrodischarge treatment, but the surface treatment 
layer who met requirement specification more can be obtained by corresponding to the 
change. In drawing 7, judge whether an electrodischarge treatment state is normal during 
electrodischarge treatment at Steps 6 and 7, and if, and electrodischarge treatment conditions 
are amended and it is normal in the electrodischarge treatment conditional-control part 4, 
namely, at Steps 8 and 9. It judges whether a surface treatment layer's description formed in 
processed material is normal, and electrodischarge treatment is ended, when electrodischarge 
treatment conditions were amended in the electrodischarge treatment conditional-control part 
4, and a surface treatment layer will reach requirement specification at Step 5 if normal if 
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unusual. Step 1, Step 2 and Steps 6 and 7, and Steps 8 and 9 could get mixed up, and Steps 
6 and 7 and Steps 8 and 9 may determine execution frequency from the beginning. 
[0023]The determination of the electrodischarge treatment conditions by an electrodischarge 
treatment conditional-control part like the electric discharge surface treatment method using 
the discharge surface treatment equipment shown in Embodiment 1, Although it may perform 
only once before a surface treatment, when the surface treatment layer from whom the 
features, such as a green compact electrode, change during processing and who case [ a 
surface treatment layer ] or forms is a thick film (about 20mmicro), In order to obtain a good 
surface treatment layer, it is desirable to carry out multiple-times execution and to correct the 
determination of the discharging condition by an electrodischarge treatment conditional-control 
part like the electric discharge surface treatment method using the discharge surface treatment 
equipment shown in Embodiment 4. 
[0024] 

[Effect of the lnvention]An electrodischarge treatment means to form a surface treatment layer 
in the surface of the above-mentioned processed material by according to the 1st discharge 
surface treatment equipment of this invention impressing voltage between the green compact 
electrode and processed material which consist of material which becomes the origin of 
surface treatment materials or surface treatment materials, and generating discharge, The 
requirement specification storage parts store which memorizes the above-mentioned surface 
treatment layer's requirement specification, the characteristic storage section of an electrode 
which memorizes the characteristic relevant to the electrodischarge treatment of the above- 
mentioned green compact electrode, And it has an electrodischarge treatment conditional- 
control part which controls the electrodischarge treatment conditions of the above-mentioned 
electrodischarge treatment means from the output from the characteristic storage section of 
this electrode, and the requirement specification of the above-mentioned requirement 
specification storage parts store, and is effective in the ability to form the surface treatment 
layer who fulfills requirement specification to processed material. 

[0025]ln [ according to the 2nd discharge surface treatment equipment of this invention ] the 
1st discharge surface treatment equipment of the above, Electrodischarge treatment 
conditions are the things of polarity [ of a discharge pulse ], peak current, open voltage, and 
pulse ON time, pulse OFF time, or servo voltage, and it is effective in the ability to form the 
surface treatment layer who fulfills requirement specification to processed material. 
[0026]ln [ according to the 3rd discharge surface treatment equipment of this invention ] the 1st 
discharge surface treatment equipment of the above, The characteristic of the electrode 
relevant to electrodischarge treatment is a thing of an electrode material ingredient or particle 
diameter, electrode length, an electrode area, electrode molding pressure, or the inclination 
above-mentioned characteristic, and it is effective in the ability to form the surface treatment 
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layer who fulfills requirement specification to processed material. 

[0027]According to the 4th discharge surface treatment equipment of this invention, in the 3rd 
discharge surface treatment equipment of the above, the inclination characteristic is a thing of 
an electrode material ingredient or particle diameter, and it is effective in the ability to form the 
surface treatment layer who fulfills requirement specification to processed material. 
[0028]ln the electric discharge surface treatment method which forms a surface treatment layer 
in the surface of the above-mentioned processed material when the 1st electric discharge 
surface treatment method of this invention impresses and carries out electrodischarge 
treatment of the voltage between the green compact electrode and processed material which 
consist of material which becomes the origin of surface treatment materials or surface 
treatment materials, It is the method of controlling the electrodischarge treatment conditions of 
the above-mentioned electrodischarge treatment by the above-mentioned surface treatment 
layer's requirement specification, and the characteristic relevant to the electrodischarge 
treatment of the above-mentioned green compact electrode, and is effective in the ability to 
form the surface treatment layer who fulfills requirement specification to processed material. 
[0029]The 2nd electric discharge surface treatment method of this invention is the method of 
controlling electrodischarge treatment conditions by an electrodischarge treatment state or a 
surface treatment layer's description in the 1st discharge surface treatment equipment of the 
above, and it is effective in the ability to form the surface treatment layer who fulfills 
requirement specification further to processed material. 

[0030]ln the 1st or 2nd electric discharge surface treatment method of the above the 3rd 
electric discharge surface treatment method of this invention, Electrodischarge treatment 
conditions are the polarity, peak current, open voltage, and pulse ON time, pulse OFF time, or 
servo voltage of a discharge pulse, and it is effective in the ability to form the surface treatment 
layer who fully fulfills requirement specification by processed material. 
[0031]ln the 1st or 2nd electric discharge surface treatment method of the above the 4th 
electric discharge surface treatment method of this invention, The characteristic of the 
electrode relevant to electrodischarge treatment is an electrode material ingredient or particle 
diameter, electrode length, an electrode area, electrode molding pressure, or the inclination 
above-mentioned characteristic, and it is effective in the ability to form the surface treatment 
layer who fulfills requirement specification to processed material. 
[0032]ln the 4th electric discharge surface treatment method of the above, the inclination 
characteristic is an electrode material ingredient or particle diameter, and the 5th electric 
discharge surface treatment method of this invention is effective in the ability to form the 
surface treatment layer who fulfills requirement specification to processed material. 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To form a surface treated 
layer to satisfy the specification requested to a 
work to be treated by providing an electric 
discharge treatment condition control part to 
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control the discharge treatment condition of an 
electric discharge treating means by the output 
result from an electrode characteristic storage 
part and the requested specification of a 
requested specification storage part . 

SOLUTION: The requested specifications such as 
the hardness, the wear resistance, the film 
thickness and the surface roughness of a surface 
treated layer to be formed on a work are stored in 
a requested specification storage part 3, and the 
characteristics on the discharge of a dust 
electrode, for example, the composition of the 
electrode material, the electrode length and the 
electrode area are stored in an electrode 
characteristic storage part 2. The discharge 
treatment condition such as the polarity of the 
discharge pulse, the peak current, the open 
voltage, the pulse-ON time, the pulse-OFF time or 
the servo voltage suitable for the discharge 
treatment are set by a discharge treatment 
condition control part 4 by the storage parts 2, 
3. The discharge treatment is achieved by a 
discharge treating means 1 based thereon, and the 
discharge treatment is completed when the surface 
treated layer meets the requested specifications. 
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